Obesity is a major risk factor for type 2 diabetes, hypertension, hyperlipidemia, and also arteriosclerosis.
Previously, we isolated 102 genes induced to express at the beginning of the differentiation of 3T3-L1 cells, using the polymerase chain reaction (PCR)-subtraction-cloning method. 11, 12) One of them was a novel gene, factor for adipocyte differentiation (fad) 24 . Gain-of-function and lossof-function experiments indicated that fad24 promotes adipocyte differentiation in vitro. 13) More recently, we showed that FAD24 acts in concert with histone acetyltransferase binding to ORC1 (HBO1), a regulator of DNA replication, to promote adipogenesis by controlling a proliferating phase during adipocyte differentiation of 3T3-L1 cells, referred to as mitotic clonal expansion (MCE). 14) In this study, to determine the roles of fad24 in adipogenesis in vivo and the development of obesity, we created transgenic mice in which fad24 is expressed under the control of a chicken b-actin promoter and cytomegalovirus enhancer. Our studies demonstrate that the ability of embryonic fibroblasts (EFs) from fad24 transgenic embryos to differentiate into adipocytes was superior to that of EFs from wild-type embryos. Fad24 overexpression increased the number of smaller adipocytes in epididymal white adipose tissues (WAT) without a significant increase in adipose tissue mass. Consistent with the increase in the number of smaller adipocytes, the level of adiponectin, an adipocyte-derived hormone that can affect sensitivity to insulin, was elevated in fad24 transgenic mice. Moreover, fad24 transgenic mice had improved glucose metabolic activity. These results suggest that the overexpression of fad24 promotes adipogenesis in vivo and subsequently improves insulin sensitivity by raising the level of adiponectin.
MATERIALS AND METHODS

Animal Studies
Mice were housed in sterile cages in a barrier animal facility with a 12-h/12-h light/dark cycle. They had access to food and water ad libitum, and were weighed every week. The animals were sacrificed by cervical dislocation, and blood was collected. Serum was stored at
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Yoshikazu JOHMURA, a Kayoko WATANABE, a Keishi KISHIMOTO, a Takashi UEDA, b Shoichi SHIMADA, Ϫ80°C after centrifugation. Subcutaneous and epididymal fat pads, liver, and kidney were dissected and weighed. Only males were used for experiments. All experiments using mice were carried out in accordance with guiding principles for the care and use of laboratory animals (Science and International Affairs Bureau of the Japanese Ministry of Education, Culture, Sports, Science and Technology) and also with the approval of the ethics committee of Nagoya City University.
Construction of a Plasmid and Generation of Transgenic Mice
The mouse fad24 open reading frame (ORF) was subcloned into the EcoRI/MscI site of a pCAGGS expression vector containing the chicken b-actin promoter and cytomegalovirus enhancer, b-actin intron and b-globin polyadenylation signal.
15) The fragment containing the promoter, ORF and poly-adenylation signal was excised with SalI and BamHI, gel-purified, and used as the transgene. Transgenic mouse lines were produced by injecting the purified transgene into BDF1ϫBDF1 fertilized eggs (Japan SLC, Inc.). DNA-injected eggs were transplanted to ICR foster mothers, resulting in 68 newborns. We screened offspring for transgene transmission by Southern blot analyses of tail DNA using a cDNA probe to the BglII/BglII site in fad24 and PCR. The primers used for genotyping PCR were as follows: 5Ј primer, 5Ј-GGCTTCTGGCGTGTGACC-3Ј, and 3Ј primer, 5Ј-TTCTCCCGAGCCTGAGGG-3Ј. The founder and trangenic descendants were bred onto a C57BL/6J background for three generations. The F3 transgenic mice and their littermates were used in experiments. Transgenic mice served as heterozygotes.
Northern Blot Analysis The method used for the Northern blot analysis was described previously. 13) Briefly, total RNA was extracted with TriPure (Invitrogen) according to the manufacturer's instructions. The total RNA (18 mg) from each tissue of each mouse was separated by electrophoresis on a formaldehyde-agarose gel and transferred to a nylon membrane, which was hybridized with a [a-32 P] deoxycytidine 5Ј-triphosphate (dCTP)-labeled probe. The membrane was exposed to X-ray film for autoradiography.
Cell Culture and Adipocyte Differentiation We set up intercrosses of F2 fad24 transgenic mice and C57BL/6J mice to recover embryos at day E14.5. We dissected embryos from the uterus and extraembryonic membranes. After the dissection of head and visceral organs for genotyping, embryos were minced into pieces, and trypsinized for 15 min at 37°C. We stopped the reaction by adding Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS). Cell aggregates were resuspended by pipetting, plated on 100-mm culture dishes, and maintained in DMEM with 10% FBS at 37°C in an atmosphere of 5% CO 2 . After 2 d, we trypsinized EFs, replaced them on 12-well plates, and cultured them in the same medium. For the differentiation experiment, the medium was replaced with DMEM containing 10% FBS, 10 mg/ml insulin, 0.5 mM 3-isobutyl-1-methylxantine and 1 mM dexamethasone 2 d post-confluent. After another 2 d, the medium was changed to DMEM containing 10% FBS and 5 mg/ml insulin, and replaced every 2 d. To visualize lipid accumulation, cells were washed with phosphate-buffered saline (PBS), fixed with 4% paraformaldehyde solution for 1 h and stained with Oil red O for 1 h using a 60 : 40 (v/v) dilution in water of a 0.5% stock solution (in isopropanol). Cells were then washed twice with PBS and twice with water.
Real-Time Quantitative RT-PCR (Q-PCR) Total RNA was extracted with TriPure (Invitrogen) according to the manufacturer's instructions. The reverse transcription and Q-PCR were performed as previously described.
13) The predesigned primers and probe sets for fad24, pparg, fatty acid transporter, member 1 (fatp1) and 18S rRNA were obtained from Applied Biosystems.
Western Blot Analyses and Antibodies EFs were harvested before induction, and whole cell lysates were prepared with radio immunoprecipitation assay (RIPA) buffer (25 mM Tris-HCl, pH 7.5, 1% Triton X-100, 0.1% sodium dodecyl sulfate (SDS), 0.5% sodium deoxycholate, 5 mM ethylenediamine tetraacetic acid (EDTA), and 150 mM NaCl) containing a protease inhibitor mixture. These lysates were resolved using SDS/PAGE, transferred to a polyvinylidene difluoride membrane, and probed using primary antibodies and secondary antibodies conjugated with alkaline phosphatase. Specific proteins were detected with 5-bromo-4-chloro-3-indolylphosphate/nitro blue tetrazolium (BCIP/NBT) phosphatase substrate (KPL). The antibody against mouse FAD24 was used as reported.
14) The antibody against b-actin (AC-15) was obtained from SIGMA.
Histological Analysis of WAT and Skeletal Muscle An epididymal fat pad and femoral muscle were removed from each mouse, and fixed in buffered 10% formaldehyde. Fixed specimens were dehydrated and embedded in paraffin. The fat pad was then cut into 5-mm sections at 50 mm intervals, mounted on slides, and stained with hematoxylin and eosin. We calculated the adipose cell area with Scion Image software by manually tracing at least 400 adipocytes in three sections for each mouse. The total adipocyte number in WAT was determined by dividing the total WAT weight (milligrams) by the estimated mean adipocyte weight (milligrams).
16) The latter parameter was calculated by multiplying adipocyte density (0.948 mg/ml) by mean adipocyte volume (milliliters), which was determined from the average value of adipocyte diameter. The femoral muscle was cut into 6-mmthick longitudinal and cross sections and stained with hematoxylin and eosin.
Serum Adiponectin and Leptin Measurements Serum adiponectin and leptin concentrations were measured by the enzyme-linked immunosorbent assay (ELISA) using a mouse adiponectin ELISA kit (Otsuka Pharmaceutical Co.) and a mouse leptin ELISA kit (R&D Systems), respectively.
Insulin Tolerance Test (ITT) Insulin tolerance was tested in mice fasted for 3 h. The mice were intraperitoneally injected with human insulin at 1 mU/g body weight (Novo Nordisk A/S). Blood samples were drawn from a tail vein at specific points in time, and glucose was measured with Glucose C2 (Wako).
Glucose Tolerance Test (GTT) Glucose tolerance was tested in mice fasted for 16 h. The mice were intraperitoneally injected with glucose at 2 mg/g body weight. Blood samples were drawn from the tail vein at the indicated times, and glucose was measured with Glucose C2 (Wako).
High-Fat Diet To study the effect of a high-fat diet, mice were fed a diet containing 32% calories from fat (CLEA Japan Inc.) from weaning (3 weeks of age) to the indicated weeks of age.
Statistical Analysis Results were expressed as the meanϮstandard error, except in Fig. 2 . Differences between groups were examined for statistical significance using Student's t test.
RESULTS
Generation of Transgenic Mice Overexpressing Fad24
We generated transgenic mice overexpressing fad24 (fad24 transgenic mice) using the mouse fad24 cDNA under the control of a chicken b-actin promoter and cytomegalovirus enhancer (Fig. 1a) , which has the ability to express the transgene in various tissues including adipose tissues. 15, 17) Sixty eight founder mice were obtained and screened for transgene transmission by Southern blot analyses and PCR of DNA. We identified 10 founder mice with various copy numbers of the transgene, and crossed them with C57BL/6J mice to obtain F1 mice. Southern blot analyses of DNA from the F1 mice revealed that F1 mice with each copy number of the transgene were generated from 4 founder mice (line 2-5, 2-6, 3-7, 4-2) (data not shown). We also obtained F1 mice with moderate (line 4-3M) or high (line 4-3H) copy numbers of the transgene from line 4-3, and F1 mice with low (line 7-4L) or high (line 7-4H) copy numbers of the transgene from line 7-4 (data not shown). We confirmed the transmission of the same copy numbers of the transgene to each F2 and F3 mouse, and finally obtained 8 lines of fad24 transgenic mice. Northern blot analyses of various tissues from these transgenic mice and the wild-type mice demonstrated that 6 lines of fad24 transgenic mice abundantly expressed fad24 in some tissues such as heart and skeletal muscle as compared to the wild-type mice (Fig. 1b) . Especially in line 2-6 and line 4-3H of fad24 transgenic mice, fad24 was overexpressed in epididymal WAT relative to the wild-type animals and other lines of fad24 transgenic mice. For subsequent analyses, we used line 2-6 and line 4-3H.
Effect of Fad24 Overexpression on Adipogenesis in EFs
We first explored the roles of fad24 in adipocyte differentiation per se by using EFs from line 2-6 of fad24 transgenic embryos and the wild-type embryos. To examine the expression of fad24 in these EFs, we performed Q-PCR for fad24 and found that fad24 is overexpressed in EFs from fad24 transgenic embryos relative to the wild-type embryos (Fig.  2a) . Western blot analyses also showed the overexpression of FAD24 in EFs from fad24 transgenic embryos (Fig. 2b) . Then, these cells were treated with adipogenic inducers. At 14 d post-induction, the cells were fixed and stained with Oil red O (Fig. 2c) , and the amounts of triacylglycerol were determined (Fig. 2d) . The number of Oil red O-stained cells and the accumulation of triacylglycerol were increased in EFs from fad24 transgenic embryos relative to the wild-type embryos. Moreover, we determined the expression of pparg, a master regulator of adipogenesis, at 14 d post-induction by Q-PCR, and observed that the level of expression was increased in EFs from fad24 transgenic embryos (Fig. 2e) . Similar results were obtained using EFs from line 4-3H. (a) Schematic representation of the fad24 transgene fragment used to generate fad24 transgenic mice. The human cytomegalovirus immediate-early enhancer (CMV-IE) is followed by the chicken b-actin promoter with the first transcribed but untranslated exon, followed by the first chicken b-actin intron. The fad24 cDNA is followed by the rabbit b-globin poly A donor. (b) Northern blot analysis of fad24 mRNA in 8 lines of fad24 transgenic mice and the wild-type mouse. Total RNA was prepared from heart, skeletal muscle, epididymal WAT, liver, and kidney from each F2 mouse. The total RNA (18 mg) was loaded, and the filter was hybridized with the fad24 probe. These results indicate that the overexpression of fad24 promotes adipogenesis in EFs.
Effect of Fad24 Overexpression on Body Weight in Mice Fed Normal Chow To assess the roles of fad24 in vivo, we fed normal chow to line 2-6 and line 4-3 of fad24 transgenic mice and the wild-type mice. In line 2-6, we observed two groups of mice showing different phenotypes; At 3 weeks of age, one group had a decrease in body weight relative to the wild-type littermates as shown in Fig. 3a , and the other had no difference in body weight (data not shown). The former group was the majority. Moreover, subsequent analyses revealed the two groups to have similar phenotypes except for body weight. Therefore, we provide only the data obtained from the former group in this paper. As mentioned above, line 2-6 of fad24 transgenic mice had a decrease in body weight at 3 weeks of age relative to the wild-type littermates, and maintained a decreased body weight until 20 weeks of age (Fig. 3a, left panel) . On the other hand, line 4-3H of fad24 transgenic mice had no difference in body weight from 3 to 19 weeks of age relative to the wild-type littermates (Fig. 3a, right panel) . Daily food and drink intakes did not differ between fad24 transgenic mice and the wildtype mice in either line (data not shown).
Effect of Fad24 Overexpression on Adiposity and Serum Adipocytokine Levels in Mice Fed Normal Chow
We measured the weights of epididymal and subcutaneous WAT, liver, and kidney from line 2-6 of fad24 transgenic and wild-type mice. The absolute subcutaneous and epididymal WAT weights have no significant difference between wildtype mice and fad24 transgenic mice. However, subcutaneous WAT weight per body weight was significantly heavier in fad24 transgenic mice than the wild-type littermates, but liver and kidney were not (Fig. 4a) . Although statistically not significant, epididymal WAT weight per body weight was also greater in fad24 transgenic mice. Next, we performed histological analyses of epididymal WAT to assess the size of adipocytes. Interestingly, microscopic observation revealed the number of adipocytes to be increased in the WAT from fad24 transgenic mice relative to the wild-type littermates (Fig. 4b) , although WAT weight was higher in fad24 transgenic mice. Measurements of size showed that the average size of adipocytes decreased and the population of smaller adipocytes increased in the WAT from fad24 transgenic mice (Figs. 4c, d) . Moreover, we found that the number of adipocytes was increased in fad24 transgenic mice (Fig. 4e) . These results suggest that the overexpression of fad24 increased the number of smaller adipocytes, and caused hyperplasia in WAT.
Adipocytes secrete adipocytokines such as adiponectin and leptin which can affect sensitivity to insulin. 18) We measured adiponectin and leptin levels in serum, and found adiponectin, but not leptin, to be increased in fad24 transgenic mice relative to the wild-type littermates (Figs. 4f, g ). We also observed that the number of smaller adipocytes and adiponectin level in serum were increased in line 4-3H of fad24 transgenic mice (data not shown). It is reported that promoting adipocyte differentiation and increasing the number of smaller adipocytes raises adiponectin levels. 19) Taken together, these results indicate that the increase in the number of smaller adipocytes caused by the overexpression of fad24 elevated the adiponectin level in serum.
Effect of Fad24 Overexpression on Glucose Metabolism under Normal Chow Since fad24 transgenic mice exhibited an increase in serum adiponectin levels as shown in Fig.  4 , we carried out ITT and GTT to determine whether glucose metabolism was affected by the overexpression of fad24. ITT revealed that line 2-6 of fad24 transgenic mice had a hypoglycemic response to insulin as compared to the wild-type littermates (Fig. 5a) . GTT revealed that blood glucose levels at 30 and 60 min after the injection of glucose were lower in the transgenic mice (Fig. 5b) . GTT and ITT showed that glucose metabolism was also improved in line 4-3H of fad24 transgenic mice (data not shown). These results suggest that the overexpression of fad24 improved glucose metabolism.
Effect of Fad24 Overexpression on Body Weight in Mice on a High-Fat Diet
To examine the effect of fad24 overexpression on diet-induced obesity, we fed a high-fat diet to line 2-6 and line 4-3 of fad24 transgenic mice and their wild-type littermates. As with the chow diet, line 2-6 showed a decrease in body weight relative to the wild-type mice (Fig.  3b, left panel) , but line 4-3H did not (Fig. 3b, right panel) .
Effect of Fad24 Overexpression on Adiposity and Serum Adipocytokine Levels in Mice Fed a High-Fat Diet
Next, we measured the weights of epididymal and subcutaneous WAT, liver, and kidney from line 2-6 of fad24 transgenic mice and the wild-type mice fed a high-fat diet. Epididymal and subcutaneous WAT weights, but not liver and kidney weights, tended to increase in fad24 transgenic mice relative to the wild-type littermates (Fig. 6a) . Histological analyses of epididymal WAT revealed the population of smaller adipocytes to be increased in the fad24 transgenic mice relative to the wild-type mice (Figs. 6b-d) . The number of adipocytes was also increased in fad24 transgenic mice (Fig. 6e) . The serum level of adiponectin, but not leptin, was also increased in fad24 transgenic mice, although not significantly (Figs. 6f, g ). Epididymal and subcutaneous WAT weights and the serum level of adiponectin were also increased in line 4-3H of fad24 transgenic mice (data not shown). These results indicate that the overexpression of fad24 increases the number of smaller adipocytes and subsequently elevates the serum adiponectin level under a high-fat diet.
Effect of Fad24 Overexpression on Glucose Metabolism in Mice on a High-Fat Diet
We also performed ITT and GTT in line 2-6 of fad24 transgenic mice and the wild-type littermates fed a high-fat diet to examine the effect of diet-induced obesity on glucose metabolism. ITT revealed that line 2-6 had no significant hypoglycemic response to insulin as compared to the wild-type littermates (Fig. 7a) . GTT showed that blood glucose levels after the injection of glucose did not differ between fad24 transgenic mice and the wild-type littermates (Fig. 7b) . Similar results were obtained using line 4-3H of fad24 transgenic mice, namely GTT and ITT revealed that glucose metabolism was not improved in line 4-3H of fad24 transgenic mice fed a high-fat diet (data not shown). These results suggest that the overexpression of fad24 did not improve glucose metabolism in diet-induced obesity.
Effect of Fad24 Overexpression on Skeletal Muscle Morphology and Expression of Fatty Acid Transporter
As shown in Fig. 1b, fad24 transgenic mice abundantly expressed fad24 in skeletal muscle. To examine the effect of fad24 overexpression on skeletal muscle morphology, histological analysis of skeletal muscle was performed. The femoral muscles of line 2-6 of fad24 transgenic and wild type littermates were cut into longitudinal and cross sections and stained with hematoxylin and eosin. There were no striking morphologic changes including cell size and myofiber size in these skeletal muscles (Fig. 8) . Similar results were obtained using line 4-3H of fad24 transgenic mice (data not shown). Next, we examined the expression level of fatp1, a protein involved in flux of fatty acids into the cell. We did not observe significant differences in the expression level of fatp1 in skeletal muscle between fad24 transgenic and wild type littermates (data not shown).
DISCUSSION
In this study, we generated transgenic mice overexpressing fad24 in various tissues to elucidate the roles of fad24 in adipogenesis in vivo and the development of obesity. The mouse adipocyte protein 2 (aP2) promoter is often used to generate adipose tissue-specific transgenic mice, but is thought to express a transgene mainly in adipocytes into adipose tissues. 20) Our previous report revealed that the expression of fad24 is transiently induced early in the adipocyte differentiation of 3T3-L1 cells, while these cells are fibroblastic. 13) We required the promoter to generate preadipocyte-specific transgenic mice. However, to our knowledge, such promoters have not been identified. To express fad24 in preadipocytes, we used the pCAGGS expression vector containing a chicken bactin promoter and cytomegalovirus enhancer, which has the ability to express the transgene in fibroblastic cells and various tissues. 15, 17) Indeed, we were able to obtain transgenic mice which strongly express fad24 in EFs and various tissues including WAT.
We examined the effect of fad24 on adipocyte differentiation per se using EFs, and found that the overexpression promotes adipogenesis in EFs. At this time, how fad24 promotes adipogenesis in EFs is not known. We previously revealed that fad24-overexpressing NIH-3T3 cells, non-differentiating cells, differentiated into adipocytes in the presence of a PPARg agonist. 13) Since the level of pparg expression was elevated in EFs from fad24 transgenic embryos relative to the level in wild-type embryos, the function of fad24 may be closely linked to the PPARg pathway. Our recent report also indicated that fad24 is deeply involved in MCE which appears to be necessary for optimal adipocyte differentiation of 3T3-L1 cells.
14) It is known that EFs as well as 3T3-L1 cells undergo MCE when treated with adipogenic inducers. 21) Therefore, the overexpression of fad24 may promote MCE in EFs.
Interestingly, the population of smaller adipocytes was significantly increased in WAT from fad24 transgenic mice relative to that from wild-type mice regardless of diet, although fad24 transgenic mice showed a slight increase in adipose tissue mass. These results imply that the overexpression of fad24 caused hyperplasia rather than hypertrophy in WAT under both chow and high-fat diet conditions. Previously, it was reported that troglitazone, a PPARg agonist, increased the number of smaller adipocytes without a change in adipose tissue mass. 22, 23) The inhibition and depletion of Foxo1, a negative regulator of adipogenesis, are also known to increase the number of smaller adipocytes with a slight increase in adipose tissue mass. 24, 25) The activation and overexpression of positive regulators of adipogenesis appear to increase the number of smaller adipocytes in adipose tissues but have little effect on adipose tissue mass. On the other hand, Shepherd et al. showed that the overexpression of glucose transporter 4 (GLUT4) selectively in adipose tissue results in increased fat mass by adipocyte hyperplasia. 26) However, it was also reported that adipose tissue-selective GLUT4 knockout mice have normal adipocyte size and number. 27 ) Further analyses will be required to reveal the detailed relationship between adipocyte hyperplasia and adipose mass.
In this study, the serum adiponectin level was elevated in fad24 transgenic mice with the increase in the number of smaller adipocytes. Moreover, fad24 overexpression improved glucose metabolism in mice fed normal chow. Since adiponectin is an insulin-sensitizing hormone, 28, 29) the eleva- , nϭ5) and wild-type (dot line, nϭ5) mice were given an intraperitoneal injection of glucose (2 mg/g body weight). Blood samples were collected from the tail at the indicated time points and the concentration of glucose was analyzed. The asterisk indicates a significant difference when compared with the value for the wild-type mice (pϽ0.05). tion of the serum adiponectin level may improve glucose metabolism in fad24 transgenic mice. Okuno et al. reported that troglitazone increases the number of smaller adipocytes and subsequently improves sensitivity to insulin by decreasing expression levels of tumor necrosis factor (TNF)-a and levels of plasma lipids. 22) Further analyses including these factors will be required. Since the transgenic mice used in this study overexpress fad24 in liver and skeletal muscle which are involved in glucose metabolism, it is also important to elucidate the roles of fad24 in these tissues. On the other hand, under a high-fat diet, fad24 transgenic mice exhibited an increase in serum adiponectin levels to the same extent as fad24 transgenic mice fed normal chow, but showed no improvement in glucose metabolism. These results indicate that the elevation of the serum adiponectin level caused by the overexpression of fad24 can not prevent the effect of dietinduced obesity on glucose metabolism.
As mentioned above, the overexpression of fad24 in EF increased pparg expression. It is known that pparg regulates essential placental functions. 30) It is interesting to investigate whether fad24 plays important roles in placental function. At least, we confirmed that fad24 transgenic female mice have the capacity to fertilize. However, further analyses are required because it remains unknown whether fad24 is overex- The two lines of fad24 transgenic mice used in this study showed different phenotypes for body weight when fed both normal chow and a high-fat diet. At present, this cause remains unknown. We measured the weights of several tissues including liver, kidney, heart and skeletal muscle. However, these data show no significant difference between wild-type mice and fad24 transgenic mice. Considering that the transgene were expressed in various tissues, fad24 overexpression may slightly decrease various tissue weights and subsequent decrease body weight. More analyses of all tissues in detail will be required. Since line 2-6 expresses fad24 in many tissues relative to line 4-3H, the overexpression of fad24 may affect tissues other than adipose tissue only in line 2-6. In contrast, the two lines showed similar results in the number of smaller adipocytes and glucose metabolism. These characteristics do not appear to be affected by the phenotypes for body weight. Since we utilized global promoter, the expression levels of the transgene were considerably higher in tissues other than adipose tissue in the line 2-6, raising a possibility of suspicion that significantly lean body weight might had an impact on adipocyte morphology, adiponectin levels and glucose metabolism. However, the line 4-3H of fad24 transgenic mice had no difference in body weight, and the number of smaller adipocytes and adiponectin levels was increased in these mice. Glucose metabolism was also improved in these mice, suggesting that significantly lean body weight had a minor effect on adipocyte morphology, adiponectin levels and glucose metabolism in fad24 transgenic mice.
Both line 2-6 and line 4-3H of fad24 transgenic mice abundantly expressed fad24 in skeletal muscle. However, in this study, the histological analysis of the skeletal muscle from fad24 transgenic mice showed no obvious differences compared with those of wild-type littermates. Although our previous reports indicated that human fad24 was highly expressed in skeletal muscle, the function of fad24 in skeletal muscle was not clear yet. 13) Considering fad24 is strongly overexpressed in skeletal muscle, further analyses including the measures of glucose and lipid metabolite levels in skeletal muscle are definitely needed.
In conclusion, the overexpression of fad24 promoted adipocyte differentiation in EFs and increased the number of smaller adipocytes and caused hyperplasia in white adipose tissue, suggesting that fad24 is a positive regulator of adipogenesis in vivo. Subsequently, the overexpression appears to improve glucose metabolism with an elevated serum adiponectin level. Consistent with other reports, [22] [23] [24] [25] these results raise the possibility that the promotion of adipogenesis increases the number of smaller adipocytes without a significant increase in adipose tissue mass and leads to the alleviation of insulin resistance. Further characterization of fad24 including analyses of fad24 knockout mice should help us to understand the roles of adipogenesis in obesity and metabolic diseases. , nϭ3) and wild-type (dot line, nϭ3) mice fed a high-fat diet from 3 weeks of age were given an intraperitoneal injection of insulin (1 mU/g body weight). Blood samples were collected from the tail at the indicated time points and the concentration of glucose was analyzed. (b) GTT. At 22 weeks of age, 16-h-fasted line 2-6 transgenic (solid line, nϭ3) and wild-type (dot line, nϭ3) mice fed a high-fat diet from 3 weeks of age were given an intraperitoneal injection of glucose (2 mg/g body weight). Blood samples were collected from the tail at the indicated time points and the concentration of glucose was analyzed.
Fig. 8. Histological Analysis of Skeletal Muscle of Fad24 Transgenic Mice
The skeletal muscles of line 2-6 of TG mice (c, d) and non-TG mice (a, b) were removed from each mouse at 64 weeks of age. The skeletal muscles embedded in paraffin were cut into longitudinal (a, c) and cross (b, d) sections and stained with hematoxylin and eosin.
